Objectives: This study assessed accessibility of online self-management support webpages for people with osteoarthritis by considering readability of text and inclusion of images and videos. Methods: Eight key search terms developed and agreed with patient and public involvement representatives were entered into the Google search engine. Webpages from the first page of Google search results were identified. Readability of webpage text was assessed using two standardised readability indexes, and the number of images and videos included on each webpage was recorded. Results: Forty-nine webpages met the inclusion criteria and were assessed. Only five of the webpages met the recommended reading level for health education literature. Almost half (44.9%) of webpages did not include any informative images to support written information. A minority of the webpages (6.12%) included relevant videos. Discussion: Information provided on health webpages aiming to support patients to self-manage osteoarthritis may not be read, understood or used effectively by many people accessing it. Recommendations include using accessible language in health information, supplementing written information with visual resources and reviewing content and readability in collaboration with patient and public involvement representatives.
Introduction
Osteoarthritis (OA) is a prevalent musculoskeletal condition affecting approximately 10-15% of all adults over the age of 60. 1 Chronic joint pain is a common, debilitating symptom of the condition often resulting in disability and work-related sickness, negatively impacting upon the independence and quality of life of the individual. 2, 3 It is therefore unsurprising that OA is associated with significant economic implications; in 2013, the NHS musculoskeletal health budget costs £5.34 billion. 4 Public health reports and recommendations emphasise the need for increased selfmanagement for patients with chronic conditions, including OA. 5, 6 Self-management involves the day-to-day actions taken, decisions made and behaviours engaged in by people with chronic illness in order to manage their own health. 7 The process of tissue repair in the pathophysiology of OA can be actively helped by self-management strategies, such as exercise 8 and weight management. 9 Activity pacing 10 and footwear changes 11 can also be effective in relieving symptoms of pain and fatigue associated with the condition. National guidelines for patients with OA emphasise targeting self-management strategies relating to behavioural changes and state that a person's understanding of their condition and its management should be enhanced by provision of accurate verbal and written information. 6 One method of providing accessible information and support that informs selfmanagement educational approaches is via the internet, on webpages (single online documents) and websites (a collection of webpages). The growth of the digital age has led to an increase in the number of websites aiming to provide health information to people living with chronic conditions. Online health information may be accessed independently by patients seeking information about a condition, and healthcare professionals may signpost patients to trusted websites. The number of people accessing health information from the internet continues to rapidly increase; for example, 90% of households in Great Britain currently have access to the internet, increasing from 57% in 2006, and 49% of UK internet users accessed health-related information online in 2016. 12 Internet use is particularly increasing among older adults; in the United States, 64% of adults over the age of 65 are now internet users, compared to 32% of this age group in 2006. 13 Online health information can support healthcare professionals in engaging people to take up self-management strategies, and this has been shown to be cost-effective in the management of chronic conditions.
14 However, the extent of patient engagement with self-management support information and the effectiveness of its impact can depend upon website accessibility, in addition to the individual's own digital and health literacy levels. 15 Health literacy refers to the cognitive and social skills which determine the motivation and ability of individuals to access, understand and use information to make suitable decisions and take appropriate actions in relation to their health. 16 The ability to read and comprehend information is an essential factor within health literacy; individuals who lack basic literacy skills are less able to act upon health education information. 17 People with lower levels of health demonstrate lower adherence to treatment plans and are less likely to engage with selfmanagement strategies, resulting in poorer health outcomes than people with adequate health literacy levels. 18 The National Literacy Trust states that 5.2 million adults in the UK are functionally illiterate, with a literacy level at or below that of an 11-year-old. 19 Health literacy typically declines with ageing, 20 making it a particularly important issue for musculoskeletal services, as OA is an age-related condition. 21 Furthermore, the condition is disproportionally prevalent in lower socioeconomic groups, which have a greater prevalence of individuals with lower levels of health literacy. 22 Readability (how difficult text is to read) is an essential quality indicator for accessibility and is recognised by the Web Content Accessibility Guidelines published by the World Wide Web Consortium's Web Accessibility Initiative -these state that online text content should be readable and understandable. 23 A variety of tools exist to measure readability, including the Simple Measure of Gobbledegook (SMOG) and Gunning Fog Index (FOG), both of which calculate a readability score equivalent to a US grade level, based on the length of sentences and number of polysyllabic words in the text. 24 High readability levels have been found to reduce the accessibility of health information, 25 and it is recommended that patient-oriented healthcare information is written at or below sixth-grade level, corresponding to a reading age of 11. 26 However, routinely used patient-reported outcome measures and consent forms within rheumatology rarely meet the recommended reading level for health education literature. 27, 28 Previous studies assessing online resources for people with arthritis also identified that most information was written at reading grades well above sixth-grade level. [29] [30] [31] Webpage accessibility can also depend on how information is presented and conveyed. 23 Health literacy guidelines recommend that online health information is supported by the inclusion of simple, relevant images and shared through multimedia in order to improve understanding and engagement. 32 Patient and public involvement (PPI) groups have also identified that visual information, in addition to seeing others in similar situations successfully manage chronic joint pain, e.g. through video resources, are helpful factors to encourage engagement within selfmanagement approaches. 33 No research to date has investigated the accessibility of webpages offering selfmanagement support for people with OA. Lower readability levels of text, 25 and images and videos that support text, 23, 32, 33 can improve accessibility. The aim of this study was therefore to assess the accessibility of English language webpages providing self-management support for people with OA by considering readability, using two validated readability measures, and by establishing whether informative images and videos were included within these webpages. This study was informed by and developed alongside PPI representatives who helped define the internet key word search strategy for identification of frequently accessed OA self-management webpages.
Methods
This was a non-experimental, descriptive internet-based study.
Developing and implementing a search strategy
Key search terms were developed in collaboration with PPI representatives with OA.
As research partners rather than participants, 33 PPI representatives provided input to ensure the exploration incorporated lay perspectives and priorities to enhance the study design. Pain was identified by the PPI representatives as the principal motivation to seek information and advice online, and it was considered that the location of pain would form the basis of any internet search for self-help advice. PPI representatives also stated that they would not use terms such as 'osteoarthritis' or 'selfmanagement', which they considered to be medical phrases. The search terms 'joint pain', 'arthritis pain', 'knee pain', 'hip pain' and 'hand pain' were initially entered individually into a search engine. Although OA can affect any joint, the knee, hip and hand are three of the most frequently involved.
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Each key phrase was then entered into the search engine in combination with each of the following PPI-informed terms 'helping', 'improving' and 'treating'. This resulted in a total of 20 unique searches. All combinations of search terms are displayed in Table 1 . Searches were conducted between 20 September and 14 October 2016.
Google.co.uk was selected as the search engine, as the majority of internet users use Google as their primary resource for internet searches. 34 Additionally, Google ranks webpages based on relevance and usefulness by using algorithms that take into account factors such as keyword usage, website structure, average duration on the website and the quality of inbound links. 34 Research into online behaviour suggests that over 90% of internet users do not explore further than the first page of search engine results. 35 Therefore, to reflect regular internet behaviour, the first page of Google search results were assessed and included in the analysis based on inclusion criteria modified from search strategies in previous website readability studies 30, 36 ( Table 2) . Search results were not countryspecific, as Google UK's default settings specify that search results can be from any country. If a webpage was introductory and included a series of links to other webpages, the first available link relating to self-management of OA was assessed. Webpage eligibility screening and analyses of webpage readability, image and video inclusion, were carried out by one author (LC).
Readability assessment criteria
Applying more than one readability tool to written information improves the reliability of readability scores 25 ; therefore, the readability of webpages in this study was assessed using two validated readability tools -SMOG and the FOG -in order to determine the reading grade required to fully understand the text. Both tools have been shown to be more accurate than other formulae when applied to written health information and as such have been frequently applied to health education materials. 37, 38 All text from each webpage meeting the inclusion criteria was transferred to a Microsoft Word document and prepared for analysis. For SMOG, the number of polysyllabic words in 10 consecutive Joint pain  Arthritis pain  Knee pain  Hip pain  Hand pain   Helping joint pain  Helping arthritis pain  Helping knee pain  Helping hip pain  Helping hand pain  Improving joint  pain   Improving arthritis  pain   Improving knee  pain   Improving hip  pain   Improving hand  pain  Treating joint pain Treating arthritis pain Treating knee pain Treating hip pain Treating hand pain sentences from the beginning, middle and end of the Microsoft Word document were counted manually. Standardised SMOG procedures 39 were then followed: 3.1291 was added to the square root of the total number of polysyllabic words in the 30 sentences analysed, and this figure was multiplied by 1.043 to establish the reading grade level. For the FOG, a random sample of 100 consecutive words from each Microsoft Word document was analysed manually. In both cases, only body text was included; titles and subtitles were excluded from the analysis. To reduce the potential for researcher bias, a random number generator was used to determine the starting sentence for passage analysis. FOG scores were calculated using standardised procedures 40 ; the sentence length was added to the percentage of polysyllabic words and this figure was multiplied by 0.4. If there was any uncertainty regarding the number of syllables per word, the word was entered into a syllable checker. The scores produced from the SMOG and FOG calculations corresponded to the US grade level required to understand the text.
Assessment of image-to-text ratio and inclusion of videos
Each webpage meeting the inclusion criteria was assessed for the number of informative images and videos included. Web Content Accessibility Guidelines clearly distinguish between informative images, which graphically represent concepts and information, and decorative images, which solely add visual decoration to a webpage without conveying any information. 41 Health literacy guidelines for online health information recommend that graphics enhance and explain content and that media support text. 32 Therefore, only images graphically representing text were counted in the analysis, and only relevant videos were counted. Videos were considered to be relevant if they provided information aiming to help people self-manage the pain in their joints, such as those depicting patients in similar situations discussing self-management techniques.
Results
Forty-nine webpages (n ¼ 49) met the inclusion criteria (Figure 1 ) and were analysed for readability levels, image inclusion and video inclusion (Appendix 1). Twenty-four (n ¼ 24) webpages were commercial, whilst 25 (n ¼ 25) were national government, charitable or non-profit (Table 3) .
Webpage readability
Webpage reading grade levels ranged from 6.39 to 14.7 (SMOG) and 4.96 to 13.6 (FOG). The mean SMOG grade for all webpages was 11.09 (corresponding to UK school age of 16 years) and the mean FOG grade was 9.8 (corresponding to UK national school age of 14 years, 9 months). The most readable webpage analysed using SMOG was from WebMD (SMOG grade 6.39), whilst the most readable webpage analysed using the FOG was from Healthline (FOG grade 4.96). The least readable webpage analysed with SMOG was from Arthritis Foundation (SMOG grade 14.7), and the least readable webpage analysed with FOG was from Health Harvard (FOG grade 13.6). Commercial webpages (mean SMOG grade 10.7; mean FOG grade 9.37) were more readable on average than government, charity and non-profit websites (mean SMOG grade 11.46; mean FOG grade 10.12).
Image-to-text ratio and video inclusion
Twenty-two webpages (n ¼ 22, 44.9%) neglected to include any informative images to supplement text. Of these, 13 (n ¼ 13, 59%) were government, charity and non-profit webpages, whilst 9 (41%) were commercial webpages. Examples of images that were assessed as informative included those depicting people doing specific joint exercises alongside written instructions and pictures of relevant foods alongside written healthy eating and diet advice.
Three of the 49 webpages (n ¼ 3, 6.12%), two (n ¼2) from NHS Choices and one (n ¼ 1) from Everyday Health, included relevant videos to support written information. These videos were considered relevant as they included people with OA talking about self-management techniques. 
Discussion
This study aimed to explore the accessibility of English language webpages providing selfmanagement support for people with OA by considering readability level of text and the inclusion of images and videos. Findings from this study have important implications for the publication of online OA selfmanagement information resources when patients are increasingly being encouraged to take control of their own health conditions. 5 The results indicated that webpages providing self-management support for people with OA are currently failing to meet recommended readability guidelines. 26 Only one of the 49 webpages reviewed using SMOG and four of the webpages reviewed using FOG met recommended readability guidelines of sixth-grade level or below. These findings are consistent with previous studies measuring the readability of online information relating to arthritis, [29] [30] [31] wherein reading levels were consistently above sixth-grade level.
The majority of webpages reviewed in the current study could potentially be inaccessible, in terms of readability, to people with lower literacy levels. If the information published on self-management support webpages is too difficult to read, it cannot be understood and acted upon to successfully self-manage OA by patient populations with lower literacy levels, 24 who currently have the least effective outcomes when using NHS services. 15 Webpage accessibility, and specifically the engagement with OA self-management information among people with lower literacy levels, may also depend on the inclusion of visual and interactive information. 30, 32 Almost half of the webpages assessed in this study failed to include any informative images to support written text, and only a minority of webpages included videos, which may further negatively impact on the comprehension and effective uptake of online OA self-management information. Findings from this study also have important implications for webpage authors. Although health professionals may directly signpost patients to trusted websites, such as those from organisations certified by the Information Standard for trustworthy health information, 42 this study utilised PPI representatives to consider an internet search from the patient's perspective, so the webpages analysed reflected those that would be returned from a selfmotivated, patient-led search. Almost half of these webpages were commercial, and this study found that, on average, commercial webpages were slightly more readable than national government, charity and non-profit webpages and were more likely to include informative images alongside text. Health information on webpages authored by government and charitable organisations is considered to be more trusted and reputable, yet previous research has identified that people with arthritis are unconcerned about the absence of government or reputable arthritis charity endorsement on websites. 33 People with OA could therefore be gaining more accessible selfmanagement information from lest trustworthy sources, but further research is required to determine the quality, relevance and accuracy of information provided on OA self-management support webpages.
Findings from this study must be considered in light of certain limitations, and additional areas for further research have been identified. The study's results must be interpreted with caution, as the online information reviewed may have been amended or updated since the analysis was conducted. Although the search strategy was developed in collaboration with PPI representatives, it is not possible to determine if this accurately reflected the internet search terms used by the wider population of people with OA when seeking self-management support online, thus selection bias cannot be ruled out. This study considered readability, which is one quality indicator of accessibility. However, whilst readability tools allow the reading difficulty of text to be assessed and measured against readability guidelines, they cannot consider the reader's subjective opinion and do not measure comprehension. This study also analysed the inclusion of informative images and relevant videos as measures of webpage accessibility but did not consider the impact of the number of images published or the additional use of decorative images, which may distract the reader and therefore reduce accessibility. 35 Webpage accessibility can also be dependent upon other quality indicators such as format, font and font size, the use of the active voice in descriptive text and colour schemes, 43, 44 which were not considered in this study.
This study excluded blogs, forums and social media. However, use of these online platforms in relation to health is increasing, and it could be that such websites hold the potential for continuing to develop the effective uptake of OA self-management education. A qualitative study determining patients' subjective experiences of OA selfmanagement webpages may give a more comprehensive measure of their accessibility, whilst encouraging 'think-aloud' techniques 45 could reveal perceptions of OA webpage navigation and usability. Exploring patients' experiences and preferences for online information relating to OA self-management could reveal improvements to optimise the success of these webpages in helping people with the condition to self-manage their symptoms. Finally, given the increase of internet access on mobile phones, with 75% of adults currently using smartphones to access the internet, 12 future studies could explore the accessibility and usability of OA selfmanagement support webpages on mobile devices. These could incorporate assessments of physical accessibility, which is a particularly important issue for people with OA, where fine motor skills can be affected.
Recommendations
To improve the readability of webpages offering OA self-management support, information should be written avoiding long sentences, polysyllabic words and medical jargon. 32 The inclusion of informative images and relevant videos to support written text may also improve webpage accessibility. 32, 33, 41 Health literacy training could be provided for the health professionals involved in developing online written healthcare materials, and the information published on OA self-management webpages could be written and reviewed in collaboration with PPI groups in order to obtain the layperson's perspective of accessibility and checked for readability before being published.
Conclusions
Effective self-management of chronic conditions such as OA is a key target for health providers, but webpages aiming to support patients to self-manage this condition are failing to meet current readability guidelines and may not be read, understood or used effectively by many people. Webpages aiming to help people with OA self-manage their condition need to be more accessible to reduce healthcare inequalities arising from differing literacy levels.
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